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ABSTRACT
We present a new X-ray luminosity function of flat-spectrum radio quasars (FSRQs)
utilizing the latest Swift/BAT 105-month X-ray source catalog. Contrary to previous
studies of FSRQs in the X-ray band, using the luminosity-dependent density evolution
model, we find that FSRQs show evolutionary peaks at z ∼ 1−2 depending on lumi-
nosities. Our result is rather consistent with the evolution of FSRQs seen in the radio
and GeV bands, although the number density is a factor of 5–10 smaller. We further
explore the contribution of FSRQs to the cosmic MeV gamma-ray background radi-
ation. We find that FSRQs can explain only ∼ 3% of the observed MeV gamma-ray
background fluxes around 1 MeV, indicating other populations are required. Future
MeV gamma-ray observations will be keys for understanding the origin of the MeV
gamma-ray background radiation.
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1. INTRODUCTION
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2After the discovery of the first quasar (Schmidt 1963), to date, quasars are known
to exist at least up to a redshift of z = 7.5 corresponding to the first 690 million years
of the cosmic time (Ban˜ados et al. 2018), and statistical samples now allows us to
determine their cosmological evolution in a wide luminosity range up to z ∼ 6 (e.g.,
Matsuoka et al. 2018).
The cosmological evolution of active galactic nuclei (AGNs) is a key for the un-
derstanding of the co-evolution between host galaxy and supermassive black hole
(SMBH). Based on survey data in various wavelengths, the evolution of radio-quiet
AGNs is well-studied (see, e.g., Ueda et al. 2014, for X-ray AGNs), which have re-
vealed a characteristic evolution history of SMBHs, so-called downsizing evolution.
Among AGN populations, blazars whose relativistic jets point to us show another as-
pect of SMBHs. Their emission spans from radio to gamma-ray, and it is dominated by
non-thermal jet emission. Theoretically, it is discussed that jets are launched through
the Blandford-Znajek mechanism (Blandford & Znajek 1977). Observations of jetted
AGNs suggest that jet power correlates with accretion rate (e.g., Ghisellini et al. 2014;
Inoue et al. 2017) and spin parameter would determine the radio-loudness distribu-
tion (e.g., Sikora et al. 2007). Therefore, the cosmological evolution of blazars would
shed light not only on the evolution of SMBHs themselves but also on the cosmic
history of jet activity in AGNs.
Since blazars are rare in the sky, the construction of blazar samples requires an all-
sky survey data. Therefore, all-sky surveys such as Fermi Large Area Telescope
(LAT, Atwood et al. 2009) and Swift Burst Alert Telescope (BAT, Gehrels et al.
2004) provide unique opportunities for the study of blazar evolution. Utilizing blazar
survey data, cosmological evolution of blazars have been extensively studied in lit-
erature (e.g., Padovani et al. 1993; Narumoto & Totani 2006; Inoue & Totani 2009;
Ajello et al. 2009, 2015).
Blazars are classified into BL Lac objects and flat-spectrum radio quasars (FSRQ),
based on their optical line properties (Urry & Padovani 1995). BL Lac objects often
lack optical emission lines (see, e.g., Shaw et al. 2013), while FSRQs show strong
optical lines. FSRQs are also more luminous than BL Lacs (Fossati et al. 1998;
Kubo et al. 1998; Ghisellini et al. 2017), and they show a hard spectrum in the X-
ray band and peaking in the MeV band (e.g., Blom et al. 1995). Therefore, redshift
complete sample is available for FSRQs, and their X-ray luminosity function (XLF)
allows us to investigate the evolution of jetted AGNs in the early universe.
The currently available FSRQ XLF is constructed with 26 FSRQs based on
Swift/BAT 22-month survey data (Ajello et al. 2009, hereinafter A09). FSRQ evo-
lution in the GeV band is recently updated using 186 FSRQ samples detected by
Fermi/LAT (Ajello et al. 2012, 2015). Since X-ray and gamma-ray are believed to be
generated by the same emission mechanism in FSRQs, inverse Compton scattering, it
is naturally expected that X-ray and gamma-ray evolutions show a similar tendency.
However, their cosmological evolution is known to be different. For luminous FSRQs,
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the evolutionary peak is reported as z ∼ 4.3 in the X-ray band (A09), while it is
z ∼ 2 in the gamma-ray band (Ajello et al. 2012). This contradiction would be due
to the small sample size of X-ray FSRQ and different assumed luminosity function
form between X-ray and gamma-ray band.
As FSRQs have spectral peaks in the MeV band, FSRQs are argued as a possi-
ble origin of the cosmic MeV gamma-ray background radiation (A09), which is still
an intriguing mystery. However, other candidates are also suggested such as non-
thermal coronal emission from radio-quiet AGNs (e.g., Inoue et al. 2008, 2019) and
dark matter particles (e.g., Olive & Silk 1985; Ahn & Komatsu 2005a,b). A detailed
understanding of the FSRQ XLF is important to quantitatively understand FSRQs’
contribution to the MeV background radiation.
Recently, Swift/BAT released their latest all-sky catalog data using their 105-month
survey data (Oh et al. 2018). In this paper, we report the evolution of FSRQs utilizing
this latest Swift/BAT survey catalog. We further compare our result with available
FSRQ evolution in the GeV and radio band. Moreover, we study the contribution of
FSRQs to the cosmic MeV gamma-ray background radiation. Throughout the paper,
we assume cosmological parameters of Ωλ = 0.7, ΩM = 0.3 andH0=70 km s
−1 Mpc−1.
2. SELECTION OF FSRQ SAMPLE
We selected a sample of X-ray FSRQs from the Swift/BAT 105 month catalog,
referring to the 5th BZCAT catalog1. The 5th BZCAT catalog contains 3561 blazar
sources, including 1909 FSRQ (referred to as 5BSQ in this catalog), based on multi-
wavelength information (Massaro et al. 2015).
Since the BZCAT catalog is not complete along the Galactic plane region, we re-
stricted sources at a Galactic latitude of |b| > 15◦. Positional error of BAT 105 month
sources is {(30.5/SNR)2+0.12}1/2 arcmin at the 90% confidence level (Oh et al. 2018),
where SNR is a signal-to-noise ratio. When we adopt this value as a criterion for po-
sitional coincidence between the BAT catalog and the BZCAT FSRQ catalog, the
number of samples becomes less than 20, which is smaller than the sample size of
A09. Therefore, as a secure criterion, we set the matching radius as 10 arcmin. A
chance probability that a non-counterpart BZCAT blazar matches a BAT source is
small enough ∼ 0.3%. When matching objects, we also consider redshift information
in both catalogs. We only choose the BZCAT sources whose redshift differences from
the BAT sources is < 0.01 for objects with a redshift z of < 2 and < 0.06 for z ≥ 2.
This is because of a larger redshift measurement error of distant objects.
We selected the FSRQ sample where all the above thresholds are satisfied, and as a
result, 53 sources are selected as listed in Table 2. The most distant one is located at
z = 4.715 (SWIFT J1430.6+4211). Compared to the A09 sample, the sample number
increases by a factor of ∼ 2. Our sample includes most of A09 sample FSRQs except
three objects. Two of the excluded objects had a low SNR around 5 in A09, while
1 https://heasarc.gsfc.nasa.gov/w3browse/all/romabzcat.html
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Figure 1. Properties of our sample BAT FSRQs. Left-top: Sky position in the Galactic
coordinate, right-top: redshift vs BAT X-ray luminosity distribution, left-bottom: BAT
photon index distribution and right-bottom: BAT X-ray flux (14–195 keV) distribution.
For the top two panels, black filled circles and red open circles represent FSRQs in our
sample and the A09 sample, respectively. For the bottom two panels, blue and red solid
line represent FSRQs in our sample and the A09 sample, respectively.
the other one had an SNR of ∼10. One possibility is due to time variability; a bright
phase was detected in A09, while it is not detected in the 105-month catalog after
the flux is averaged over 105 months.
Figure. 1 shows comparisons of FSRQ properties between A09 and our sample in
sky position, redshift vs luminosity, photon index, and flux. The flux distribution of
our sample shifts to lower fluxes comparing to A09, because the 105-month catalog
contains new fainter FSRQs and the flux of most of FSRQs in the 22-month catalog
becomes lower in the 105-month catalog. The latter cause is possibly due to time
variability. While the number of distant FSRQs does not significantly increase, low-z
(< 1.5) and medium luminosity sources increase. Also, FSRQs with a larger photon
index (i.e., a softer X-ray spectrum) with > 1.9 are contained in our sample. These
imply that A09 might have a selection bias so that FSRQs with a low-z mid-luminosity
or a softer X-ray spectrum are lacked.
3. LUMINOSITY FUNCTION
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Table 1. Best-fit parameters for the LDDE model
log10A
a γ2 p1 p2 zc α
−13.02+0.25
−0.35 0.80
+0.05
−0.08 3.58
+0.42
−3.08 −7.7
+1.5
−0.3 1.36
+0.64
−1.03 0.42
+0.18
−0.06
a: In the unit of Mpc−3.
Errors are in 1-σ uncertainty region.
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Figure 2. Left: Redshift distribution of our sample, prediction from the best-fit LDDE
model (red) and that from the A09 model 10 (blue). Middle and Right are that for luminosity
and cumulative source number count, respectively.
Following recent studies of X-ray and gamma-ray luminosity functions of blazars
(Narumoto & Totani 2006; Inoue & Totani 2009; Ajello et al. 2009, 2012), we adopt
a luminosity function of the luminosity-dependent density evolution (LDDE) model,
Φ(LX , z)=
d2N
dzdLX
(1)
=
A
ln(10)LX
[(
LX
L∗
)γ1
+
(
LX
L∗
)γ2]−1
×
[(
1 + z
1 + zc(LX)
)p1
+
(
1 + z
1 + zc(LX)
)p2]−1
, (2)
where zc(LX) = zc(LX/10
47.5)α. Here, z and LX are a redshift and an X-ray lu-
minosity in the 14–195 keV band. Parameters to be constrained are a normalization
A, a characteristic X-ray luminosity L∗, a characteristic redshift zc, two luminosity
indices γ1 and γ2, two redshift indices p1, p2, and α.
Since our sample contains 53 sources only, all parameters cannot be constrained
simultaneously. We found that two indices on luminosity dependence become a similar
value around 0.8 when we make both of them free in our fits, and thus hereafter, we
fix the index of higher luminosity side to 5.0, and the characteristic luminosity is
fixed to 1051 erg s−1. This corresponds to a single-power-law luminosity dependence
without a break up to the characteristic luminosity.
We perform maximum likelihood analysis to determine LDDE model parameters.
Likelihood function L is defined as follows:
lnL=
Nobs∑
i
log (Φ(LXi, zi))
6−
∫ zmax
zmin
dz
∫ LX,max
LX,min
dLΦ(LX , z)S(LX , z), (3)
where S(LX , z) is the sky coverage of the BAT 105 month catalog and we adopt the
right panel in the figure 10 in Oh et al. (2018). We set zmin = 0, zmax = 6, LX,min =
8 × 1043 erg s−1, and LX,max = 10
50 erg s−1. The redshift and luminosity ranges are
based on the observed ranges (See Fig. 1). Best-fit parameters are determined by
finding the maximum likelihood Lmax, and 1-σ errors are estimated as a parameter
range that satisfies 2 (logL − logLmax) > −1 (A09) when the other parameters are
left free. Table. 1 summarizes the best-fit parameters of LDDE.
Figure. 2 shows the redshift, luminosity, and source count distributions for data
and the best-fit LDDE model. Those for the model are calculated as
dN
dz
=4pi
∫ Lmax
Lmin
Φ(LX , z)S(LX , z)dLX
dV
dzdΩ
(4)
dN
dLX
=4pi
∫ zmax
zmin
Φ(LX , z)S(LX , z)dz
dV
dzdΩ
(5)
N(> S0)=
∫ zmax
zmin
dz
dV
dzdΩ
∫
∞
L0
Φ(LX , z)dLX (6)
where dV /dzdΩ is a comoving volume per redshift per solid angle, L0 =
4piDL(z)
2S0(1 + z)
Γ−2. S0 is the observed X-ray flux and Γ is a power-law pho-
ton index of FSRQ X-ray spectra. Here, we fix it to 1.807, a mean value of our BAT
FSRQ sample. For the logN-logS relation, we correct data points by the sky coverage
factor. As expected, the best-fit LDDE model nicely reproduces these distributions
well, compared to the A09 best-fit model (model 10 in A09), especially for low flux
regime where the A09 model could not trace.
Figure. 3 shows a visual representation of the best-fit luminosity function (left) and
comoving number density (right). For the left panel of figure 3, we plot the model
curves by the “Nobs/Nmdl” method (La Franca & Cristiani 1997; Miyaji et al. 2001);
we multiply the luminosity function Φ(LX,i, zi) of the i-th bin of a luminosity LX,i and
a redshift zi by N
obs
i /N
mdl
i where N
obs
i and N
mdl
i are the observed and the predicted
number of FSRQ in that bin. For the right panel, we deconvolve the observed data
points by dividing them by Nobsi /N
mdl
i .
The best-fit LDDE model reproduces these data well. The so-called downsizing
evolution is clearly seen. The peak redshift in the highest-luminosity bin is around
z ∼ 1.8, similar to the radio and GeV gamma-ray ones of z=1.8–2.2 (Ajello et al.
2012; Mao et al. 2017). At z ∼ 3–4, the model prediction is lower than the data.
We note, however, that this discrepancy is within the data error bar and model
uncertainty (discussed later). Other parameters are also similar to those of the GeV
and radio band.
4. COSMIC X-RAY AND MEV GAMMA-RAY BACKGROUND RADIATION
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Figure 3. Left: X-ray luminosity function of FSRQs in various redshift bins. Model
curves correspond to the best-fit LDDE model at different redshift bins. Model curves are
multiplied by Nobs/Nmdl. Right: Same as the Left, but for the comoving number density
of FSRQs in various luminosity bins. Data points are deconvolved by dividing them by
Nobs/Nmdl.
The FSRQ contribution to the cosmic X-ray background (CXB) radiation is calcu-
lated as
FCXB(E0)=
∫ zmax
zmin
dV
dzdΩ
dz
∫ Lmax
Lmin
dLX
×Φ(z, LX)F (z, LX , E0), (7)
where F (z, LX , E0) is a flux at an energy of E0 in the observer frame for a source
with a redshift z and a X-ray luminosity LX (14–195 keV). We have assumed two
spectral shapes for FSRQ spectra; a single power-law and a broken power-law. A
photon index of the single power-law and a low-energy photon index of the broken
power-law is set to 1.807 (Fig. 1), which is the mean BAT photon index over our
sample of FSRQs. A high-energy photon index of the broken power-law is set as 2.5
as A09.
The left panel of figure 4 shows the model calculation results (blue solid line), to-
gether with various measurements of the cosmic X-ray and gamma-ray background
radiation. We assume the case with a single power-law spectrum for FSRQs. The
observed data are the same as A09, however we added the Fermi/LAT measurement
(Ackermann et al. 2015). We also plot the predicted contribution from Seyfert galax-
ies (Gilli et al. 2007) (black thin line) and FSRQs (black and red dashed-line); the lat-
ter two are based on the BAT 22-month catalog (A09) and Fermi/LAT (Ajello et al.
2012), respectively. Error region of our model prediction is also displayed (blue thin
band). We evaluate the error region of our model by varying each of fitted LDDE
parameters randomly within a 1 σ error by considering parameter correlations with
the correlation matrix.
As clearly seen from the figure, it would be difficult for FSRQs to explain the whole
cosmic MeV gamma-ray background fluxes. They can explain only ∼ 3% of the MeV
gamma-ray background around 1 MeV. Our prediction on the background flux is an
8Energy [keV]
1 10 210 310 410 510 610
/s
r]
2
dN
/d
E 
[ke
V/
s/c
m
2 E
2−10
1−10
1
10
210
 
This work
A12
A09 Gilli et al. 2007
Energy [keV]
1 10 210 310 410 510 610
/s
r]
2
dN
/d
E 
[ke
V/
s/c
m
2 E
2−10
1−10
1
10
210
 
This work
A12
A09 Gilli et al. 2007
Figure 4. Contribution of FSRQ to the cosmic X-ray and MeV gamma-ray background
radiation, estimated by the best-fit LDDE model. Left and right panel shows a contri-
bution by assuming a single power-law and a broken power-law, respectively, for FSRQ
spectra. Blue solid line and thin band represent an estimation and its error region, re-
spectively, from our best-fit model. Black and red dashed-line represents an estimation
in A09 and Ajello et al. (2012), respectively. Black thin line represents an estimation of
Gilli et al. (2007). Red, light blue, yellow, open squares are CXB measuments by INTE-
GRAL (Churazov et al. 2007), HEAO-1 A4 (Kinzer et al. 1997), Swift/BAT (Ajello et al.
2008), respectively. Red open triangle and black filled squares are those by COMPTEL
(Weidenspointner et al. 2000) and Nagoya balloon (Fukada et al. 1975), respectively. Cyan
solid line is that by SMM (Watanabe et al. 1997). Red, light green, blue crosses are those by
ASCA (Gendreau et al. 1995), XTE (Revnivtsev et al. 2003), HEAO-1 A2 (Gruber et al.
1999), respectively. Red filled circles are those by Fermi/LAT (Ackermann et al. 2015).
order of magnitude lower in the hard X-ray band than that by A09, likely due to the
difference of FSRQ luminosity function. Higher prediction of FSRQ contribution by
A09 is due to undersampling of low redshift fSRQs as described in § 2, leading to
relatively abundant high redshift FSRQs among their sample.
In the right panel of figure 4, we plot the same as in the left panel, but plot the
prediction by assuming that FSRQ spectra are broken power-law, as presented by
A09. The break of the spectrum was required so that the prediction does not exceed
the measurement above 1 MeV in A09. However, we note that the break energy of 1
MeV is lower than that of the FSRQ gamma-ray SED model in Ajello et al. (2012),
where the break is around 100 MeV as shown in the figure. If we adopt the SED
model of Ajello et al. (2012), the expected FSRQ contribution based on our XLF
will become ten times higher than the Ajello et al. (2012) curve in the entire energy
range, where we assumes that the FSRQ population in the hard X-ray band is the
same as that of the GeV band. Therefore, the missing LAT counterpart of BAT
FSRQs indicates the hidden population of steep and faint GeV gamma-ray FSRQ,
suggesting that the break energy is less than 100 MeV.
5. DISCUSSION
5.1. Comparison with Previous Works
Figure. 5 shows the comoving density of FSRQs based on our results, together with
the previous results of the 22 month Swift/BAT hard X-ray (A09), Fermi/LAT GeV
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gamma-ray (Ajello et al. 2012), and radio band (Mao et al. 2017). To compare the
models, in this figure, we do not multiply model curves by Nobsi /N
mdl
i . The function
of A09 is based on their modified pure luminosity evolution model with a double
power-law form (model 10 in their paper), while others are on the LDDE. We also
show the error region (thin blue band) of our model at the highest-luminosity end by
varying each of fitted LDDE parameters randomly within a 1 σ error by considering
parameter correlations with the correlation matrix. Note that model curves in the
original papers (Ajello et al. 2012; Mao et al. 2017) are normalized by luminosity, and
calculated at a representative luminosity in each curve, in a different way from here.
Our results are quite different from those of A09, even though both works study the
XLF of FSRQs. This difference is likely due to the following two reasons. First, we
use the 105 month Swift/BAT survey data having 53 FSRQs upto z = 4.715, while
A09 used the 22 month Swift/BAT survey data having 26 FSRQs upto z = 3.67. As
a result, observed redshift distributions are quite different. We have abundant low
redshift FSRQs comparing to A09 (See Fig. 1). Second, we adopt the LDDE model
for the XLF formulation, which is known to well reproduce the AGN evolutions for
radio-quiet AGNs (e.g., Ueda et al. 2014) and blazars (e.g., Inoue & Totani 2009;
Ajello et al. 2015), while A09 utilized the modified pure luminosity function formula.
Likely because of this formulation, A09 predict the evolutionary peak at z ∼ 4.3
which is out of the range of their FSRQ sample data.
Our curve at the highest luminosity bin has a different number density comparing
to the GeV and radio ones, regardless of the same function form of the luminosity
function. Radio and GeV FSRQs in the highest luminosity bins seem richer than
X-ray one by a factor of 5–10 at a redshift of 1–3. The orders of the luminosity
range of the highest-luminosity bin are 1.2, 1.5, and 1.1 for our study, GeV gamma-
ray, and radio, respectively, and thus not so different. This could be attributed to
that FSRQs with the highest hard X-ray luminosity does not necessarily have the
highest gamma-ray or radio luminosity; it depends on the shape of spectral energy
distribution. Higher number density of radio FSRQs at high redshift indicates that
a majority of radio luminous FSRQs are X-ray faint. X-ray emission of FSRQs is
believed to be mainly from an external Compton component; a Compton scattering
of low energy seed photons by high energy electrons. Such FSRQs may have a low
radiation efficiency of the disk against a higher radiation efficiency of jet, and thus the
seed photon flux is low, leading to a faint X-ray. Higher number density of gamma-
ray FSRQs indicates that gamma-ray FSRQs have strong external Compton humps
peaking at higher energies, and some of them are not detected by BAT.
From the Figure, the number of gamma-ray FSRQs could become comparable to
that of hard X-ray FSRQs at higher redshift (z ∼ 4) due to the difference of the slope.
This implies that high redshift FSRQs have steeper gamma-ray spectra and thus be-
come leaked from Fermi/LAT detection. But, such high redshift objects could be
detected by BAT. As a fact, 21 FSRQs in our sample does not locate within the error
10
region of any FSRQs in the 4th LAT catalog (4FGL; The Fermi-LAT collaboration
(2019)). The fraction 40% of no LAT counterpart in the BAT 105-month sample is
remarkable regardless of a much larger number of LAT FSRQs. This indicates the
existence of hidden FSRQs with a faint gamma-ray luminosity but a bright X-ray lu-
minosity. Paliya et al. (2017) also suggested that FSRQs not detected by Fermi/LAT
has a lower inverse Compton peak energy than those detected by Fermi/LAT, based
on multi-wavelength data.
5.2. Origin of the Cosmic MeV Gamma-ray Background Radiation
We found that FSRQs can not be the main contributor to the cosmic MeV gamma-
ray background radiation. It may be made of other populations such as non-thermal
coronal emission from radio-quiet AGNs (e.g., Inoue et al. 2008, 2019) and dark
matter particles (Olive & Silk 1985; Ahn & Komatsu 2005a,b). Recently detection
of non-thermal coronal synchrotron emission from radio-quiet AGNs is reported
(Inoue & Doi 2018), which suggests the existence of non-thermal electrons in the
AGN coronae.
In order to probe the origin of the MeV background radiation, future gamma-ray
observations of the entire sky by such as e-ASTROGAM (De Angelis et al. 2017),
AMEGO (McEnery et al. 2019), and GRAMS (Aramaki et al. 2020) are important.
However, even if they achieve their expected sensitivities, it is hard to resolve the MeV
gamma-ray background radiation (Inoue et al. 2015). It is suggested that anisotropy
measurements may dissolve the origin of the MeV gamma-ray background radiation
(Inoue et al. 2013). Future MeV gamma-ray anisotropy observations will also be
important to understand the origin of the MeV gamma-ray background radiation.
6. CONCLUSION
In this paper, we revisit the X-ray luminosity function of FSRQs utilizing the latest
Swift/BAT 105 month catalog (Oh et al. 2018). The number of samples doubled
comparing to previous works (A09). However, most of the newly identified objects
are in the medium luminosity and/or low redshift regions. Adopting the LDDEmodel,
the FSRQ evolution is found not to show extremely positive evolution, as reported in
the previous works (A09).
By assuming spectral shape in the X-ray and gamma-ray bands, we also investigated
the contribution of FSRQs to the cosmic MeV gamma-ray background radiation,
where the origin is still uncertain. Utilizing our new FSRQ XLF, we found that
FSRQs can explain ∼ 3% of the cosmic MeV gamma-ray background radiation around
1 MeV. This suggests that other class objects are required to explain the cosmic
MeV gamma-ray background radiation, such as non-thermal emission from Seyferts
(Inoue et al. 2008, 2019) or annihilation of dark matter particles (Olive & Silk 1985;
Ahn & Komatsu 2005a,b).
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Figure 5. Comparison of the evolution of FSRQs based on our result with the previous re-
sults of 22-month Swift/BAT hard X-ray (A09), Fermi/LAT GeV gamma-ray (Ajello et al.
2012, A12), and radio band (Mao et al. 2017, M17). Model curves are not multiplied
by Nobsi /N
mdl
i . Solid lines are our results, dot lines are those of BAT 22 month (A09),
dot-dashed and dot-dot-dashed lines are those of radio (M17) and Fermi/LAT (A12), re-
spectively. Red, black, and blue curves correspond to the luminosity bin of 1044.2−46.2 erg
s−1, 1046.2−47.2 erg s−1, and 1047.2−48.4 erg s−1, respectively.Thin blue band represents an
error region of the model at the highest luminosity bin for our result. Results of the BAT
22-month catalog are plotted after correcting the different energy bands between our works
and A09. For the Fermi/LAT and radio ones, curves of the highest luminosity bins in the
original papers are plotted. Redshift ranges are restricted to those in the original references.
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Table 2. Our sample FSRQs from BAT 105 month catalog
SWIFT name BZCAT name redshift RA DEC Fluxa Photon Indexb
J0010.5+1057∗ 5BZQJ0010+1058 0.089 2.62917 10.97489 30.34 1.82
J0017.1+8134∗ 5BZQJ0017+8135 3.366 4.28525 81.58561 11.39 2.42
J0144.8-2754 5BZQJ0145-2733 1.155 26.26413 -27.55953 10.72 1.43
J0225.0+1847∗ 5BZQJ0225+1846 2.69 36.26946 18.78022 31.37 1.73
J0233.8+0243 5BZQJ0233+0229 0.321 38.45496 2.49031 7.02 2.69
J0311.8-7653∗ 5BZQJ0311-7651 0.223 47.98021 -76.86414 10.47 1.98
J0336.6+3217∗ 5BZQJ0336+3218 1.258 54.12546 32.30814 44.17 1.67
J0404.0-3604 5BZQJ0403-3605 1.417 60.97396 -36.08386 10.65 1.91
J0405.5-1307 5BZQJ0405-1308 0.57 61.39167 -13.13714 11.03 1.78
J0525.1-2339 5BZQJ0525-2338 3.1 81.27713 -23.63633 13.11 1.55
J0525.3-4600∗ 5BZQJ0525-4557 1.479 81.38083 -45.96519 15.51 1.37
J0539.9-2839∗ 5BZQJ0539-2839 3.104 84.97617 -28.66553 29.01 1.33
J0547.1-6427 5BZQJ0546-6415 0.323 86.67433 -64.25608 8.21 1.95
J0623.3-6438 5BZQJ0623-6436 0.128 95.78204 -64.60578 11.64 1.98
J0635.8-7514∗ 5BZQJ0635-7516 0.651 98.94379 -75.27133 16.52 2
J0746.3+2548∗ 5BZQJ0746+2549 2.979 116.60779 25.81725 36.01 1.43
J0805.2+6145∗ 5BZQJ0805+6144 3.033 121.32562 61.74 17.53 1.35
J0841.4+7052∗ 5BZQJ0841+7053 2.172 130.3515 70.89508 69.81 1.7
J0842.0+4021 5BZQJ0842+4018 0.151 130.51558 40.30875 6.93 2.41
J1044.8+8091 5BZQJ1044+8054 1.26 161.09608 80.91094 11.73 1.67
J1130.1-1447∗ 5BZQJ1130-1449 1.184 172.52938 -14.82428 28.74 1.88
J1153.0+3311 5BZQJ1152+3307 1.397 178.21629 33.12189 10.08 1.83
J1153.6+4931 5BZQJ1153+4931 0.334 178.35196 49.51911 12.78 1.83
J1159.7+2923 5BZQJ1159+2914 0.724 179.88262 29.2455 7.49 1.84
J1222.4+0414 5BZQJ1222+0413 0.965 185.59392 4.22103 36.22 1.45
J1224.9+2122∗ 5BZQJ1224+2122 0.432 186.22692 21.37956 24.5 1.7
J1229.1+0202∗ 5BZQJ1229+0203 0.158 187.27792 2.05239 421.57 1.75
J1256.2-0551∗ 5BZQJ1256-0547 0.536 194.04654 -5.78931 38.82 1.32
J1305.4-1034 5BZQJ1305-1033 0.278 196.38758 -10.55539 13.72 1.7
J1331.6-0504 5BZQJ1332-0509 2.15 203.01858 -5.16203 15.5 1.51
J1337.7-1253 5BZQJ1337-1257 0.539 204.41575 -12.95686 13.21 2.19
J1357.0+1929 5BZQJ1357+1919 0.72 209.2685 19.31872 8.67 2.02
J1430.6+4211 5BZQJ1430+4204 4.715 217.59892 42.07681 9.9 1.56
J1512.8-0906∗ 5BZQJ1512-0905 0.36 228.21054 -9.09994 66.8 1.32
J1557.8-7913 5BZQJ1556-7914 0.15 239.24529 -79.23453 14.98 2.31
Table 2 continued on next page
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Table 2 (continued)
SWIFT name BZCAT name redshift RA DEC Fluxa Photon Indexb
J1625.9+4349 5BZQJ1625+4347 1.048 246.47213 43.78717 12.13 2.04
J1643.1+3951 5BZQJ1642+3948 0.592 250.74504 39.81028 20.71 1.17
J1658.5+0518 5BZQJ1658+0515 0.879 254.63938 5.25456 12.75 1.79
J1848.5+6704 5BZQJ1849+6705 0.657 282.31696 67.09492 6.39 2.72
J1924.9-2918 5BZQJ1924-2914 0.352 291.21275 -29.24169 16.22 2.04
J1928.0+7356 5BZQJ1927+7358 0.302 291.95208 73.96711 11.04 2.5
J2011.5-1544 5BZQJ2011-1546 1.18 302.81546 -15.77786 12.6 2.41
J2129.1-1538∗ 5BZQJ2129-1538 3.268 322.30075 -15.64472 20.05 1.79
J2148.0+0657 5BZQJ2148+0657 0.99 327.02275 6.96072 17.37 1.9
J2148.4-7557 5BZQJ2147-7536 1.139 326.80304 -75.60367 14.59 1.41
J2152.0-3030∗ 5BZQJ2151-3027 2.345 327.98133 -30.46492 89.3 1.61
J2203.0+3146 5BZQJ2203+3145 0.295 330.81242 31.76064 15.56 1.92
J2211.7+1843 5BZQJ2211+1841 0.07 332.97454 18.69719 15.72 1.88
J2229.7-0831∗ 5BZQJ2229-0832 1.559 337.417 -8.54844 17.08 1.46
J2232.5+1141∗ 5BZQJ2232+1143 1.037 338.15171 11.73081 30.05 1.49
J2251.9+2215∗ 5BZQJ2251+2217 3.668 342.97292 22.29369 9.61 2.36
J2253.9+1608∗ 5BZQJ2253+1608 0.859 343.49063 16.14822 158.36 1.5
J2327.5+0938∗ 5BZQJ2327+0940 1.843 351.88992 9.66931 29.73 1.4
a: BAT X-ray flux in unit of 10−12 erg cm−2 s−1 (14–195 keV).
b: BAT X-ray photon index.
∗: BAT FSRQ listed in A09.
